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We report the complex dielectric function of high-quality AFe2As2, (A=Ca, Sr, Ba) single crystals with
TN ≈ 150 K, 200 K, and 138 K, respectively, determined by broadband spectroscopic ellipsometry at tem-
peratures 10 ≤ T ≤ 300 K and wavenumbers from 100 cm−1 to 52000 cm−1. In CaFe2As2 we identify the
optical spin-density–wave gap 2∆SDW ≈ 1250 cm−1. The 2∆SDW/(kBTN) ratio, characterizing the strength
of the electron-electron coupling in the spin-density–wave state, amounts to ≈ 12 in CaFe2As2, significantly
larger than the corresponding values for the SrFe2As2 and BaFe2As2 compounds: 8.7 and 5.3, respectively. We
further show that, similarly to the Ba-based compound, two characteristic SDW energy gaps can be identified in
the infrared-conductivity spectra of both SrFe2As2 and CaFe2As2 and investigate their detailed temperature de-
pendence in all three materials. This analysis reveals the existence of an anomaly in CaFe2As2 at a temperature
T ∗ ≈ 80 K, well below the Ne´el temperature of this compound, which implies weak coupling between the two
SDW subsystems. The coupling between the two subsystems evolves to intermediate in the Sr-based and strong
in the Ba-based material. The temperature dependence of the infrared phonons reveals clear anomalies at the
corresponding Ne´el temperatures of the investigated compounds. In CaFe2As2, the phonons exhibit signatures
of SDW fluctuations above TN and some evidence for anomalies at T ∗. Investigation of all three materials in
the visible spectral range reveals a spin-density–wave–induced suppression of two absorption bands systemati-
cally enhanced with decreasing atomic number of the intercalant. A dispersion analysis of the data in the entire
spectral range clearly shows that CaFe2As2 is significantly more metallic than the other two compounds. Our
results single out CaFe2As2 in the class of ThCr2Si2-type iron-based materials by demonstrating the existence
of two weakly coupled and extremely metallic electronic subsystems.
PACS numbers: 74.25.Gz,74.70.Xa,75.30.Fv,78.30.Er
I. INTRODUCTION
In the family of iron-based superconductors,1 the
ThCr2Si2-type materials are arguably the most widely
studied.2,3 This fact owes to the early discovery4,5 and syn-
thesis of large high-quality single-crystalline compounds of
this class,6–9 thus allowing the entire arsenal of experimental
condensed-matter techniques to be applied to them virtually
simultaneously, giving rise to explosive progress in this area
of research. The most attention of the community has since
been focused on one particular member of the 122 class,
BaFe2As2. In this antiferromagnetic metal superconductivity
can be induced by many different means such as electron or
hole doping (e.g. by substituting cobalt for iron7 or potassium
for barium,10 respectively), isoelectronic substitution (e.g.
by substituting ruthenium for iron11,12 or phosphorus for
arsenic13) or external pressure.2 In all cases there emerges
a phase diagram strikingly similar to that of the cuprate
high-temperature superconductors,14 with superconductivity
occurring in a dome-shaped region in the immediate vicinity
of the antiferromagnetic phase. The development of a
spin-density–wave order is accompanied by the opening of an
energy gap in the excitation spectrum, which has been con-
firmed by numerous experimental techniques.2 Investigations
of the optical conductivity of this and other compounds have
been instrumental in obtaining the value of the energy gap
and characterising the energetics of the spin-density–wave
order.15–18
Although the growth of CaFe2As2 (Ref. 19) and its phase
diagram with respect to cobalt doping20 were first reported
several years ago, the interest in this material started to build
up upon the observation of its surprising sensitivity not only
to doping and pressure but also to annealing.21 The direct ob-
servation of electronic nematicity due to anisotropic impurity
scattering potential of substituted cobalt atoms in the under-
doped region of the phase diagram of Ca(Fe1−xCox)2As2
(Ref. 22,23), analogous to Ba(Fe1−xCox)2As2 (Refs. 24–27),
has brought CaFe2As2 to the forefront of condensed-matter
research. Notwithstanding all this interest and some prelimi-
nary measurements28 (normal-state optical-conductivity data
from Ref. 28 were also reproduced in Ref. 16), as well as
extensive studies of the charge dynamics in both the par-
ent (Ba,Sr,Eu)Fe2As2 (Refs. 15,16,29–32) and most of their
doped/substituted superconducting derivatives,17,33–45 the de-
tailed investigation of the charge dynamics in CaFe2As2 and a
systematic comparison with other 122-type materials are still
lacking.
In the present work we fill this gap by reporting broad
band ellipsometric study of not only CaFe2As2 but also its
Sr- and Ba-based counterparts and a systematic comparison
thereof over a wide spectral range, complemented by a thor-
ough Drude-Lorentz analysis of the interband and itinerant
optical response. We find that, similarly to the previous re-
ports on BaFe2As2 and SrFe2As2 (Ref. 15,40), two distinct
spin-density–wave energy gaps can be identified in the Ca-
based compound. In order to address the degree of interplay
between these two spin-density–wave subsystems we further
carried out a detailed temperature-dependent study of the far-
infrared conductivity of all these compounds and discovered
the presence of an anomaly at T∗ ≈ 80 K in CaFe2As2 well
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2below its Ne´el temperature at the frequencies of the smaller
spin-density–wave energy gap. This observation clearly in-
dicates that the two electronic subsystems in this material are
weakly coupled (as shown for the analogous case of supercon-
ductivity in Refs. 46–50). Further comparison with the Sr- and
Ba-based counterparts reveals that this coupling evolves via
intermediate in the former to strong in the latter compound,
systematically with increasing atomic number of the inter-
calant. The temperature dependence of the infrared phonons
shows a clear anomaly at TN in all three compounds, whereby
the spin-density–wave–induced modifications of the phonon
properties set in exactly at TN in both Ba- and Sr-based mate-
rials but at somewhat higher temperatures in CaFe2As2, sug-
gesting the early development of spin-density–wave fluctua-
tions and their impact on the lattice. We also find a possible
indication of T ∗ in the temperature dependence of the Ca-
related phonon intensity ∆ε0.
Investigation of the optical conductivity in the visible spec-
tral range further reveals the existence of a spin-density–
wave–induced suppression of two absorption bands, previ-
ously reported for SrFe2As2 in Ref. 51, also in the Ca- and
Ba-based compounds, with the intensity of the suppression
systematically enhanced with decreasing atomic number of
the intercalating atom.
Finally, a thorough dispersion analysis reveals a dramatic
enhancement of metallicity with decreasing atomic number
of the intercalant manifested in the growing total plasma fre-
quency and a systematic evolution of a number of other elec-
tronic parameters.
II. EXPERIMENTAL DETAILS
The parent (Ca,Sr)Fe2As2 single crystals were grown in
zirconia crucibles sealed in quartz ampoules under argon at-
mosphere.52 From dc resistivity and magnetization measure-
ments we obtained the Ne´el temperatures TN = 150 and
200 K for CaFe2As2 (see Fig. 1) and SrFe2As2 (Ref. 52), re-
spectively. BaFe2As2 single crystals were grown from As-
rich self-flux in a glassy carbon crucible using prereacted
FeAs2 powders mixed with Ba and As.9 The sample sur-
face was cleaved prior to every optical measurement. The
full complex optical conductivity σ(ω) was obtained in the
FIG. 1: Temperature dependence of the resistivity (a) and magnetic
moment (b) of the CaFe2As2 single crystals used in the present study.
Both measurements reveal a clear signature of a spin-density–wave
transition at about 150 K and the absence of any secondary phase
transitions at lower temperatures.
range 100 − 52000 cm−1 using broad band ellipsometry, as
described in Ref. 53. The measurements in the lowest far-
infrared spectral range were carried out at the infrared beam-
line of the ANKA synchrotron light source at Karlsruhe Insti-
tute of Technology, Germany.
III. RESULTS AND DISCUSSION
A. Optical conductivity ofAFe2As2, (A=Ca, Sr, Ba)
The independently obtained real and imaginary parts of the
complex optical conductivity σ(ω) = σ1(ω) + iσ2(ω) of
the AFe2As2, (A=Ca, Sr, Ba) compounds in the entire inves-
tigated spectral range at several representative temperatures
is shown in Fig. 2. The far-infrared response of CaFe2As2
[Fig. 2(a) and 2(d)] in the normal state is dominated by a
strong itinerant response, clearly manifested in the large posi-
tive values of both σ1(ω) and σ2(ω). Below the spin-density–
wave transition temperature of 150 K this itinerant response
experiences a dramatic suppression due to the opening of an
energy gap in the quasiparticle excitation spectrum, as pre-
viously observed in this and other 122-type iron-based ma-
terials.15–18 Due to the conservation of the total number of
electrons, the missing area under the conductivity curve at
low frequences is transferred to higher energies, which results
in a formation of a “hump” structure.54,55 In the most com-
mon case when the spin-density–wave energy gap does not
cover the entire Fermi surface of a material and, therefore,
the optical conductivity remains non-zero at all frequencies,
determination of the optical quasiparticle excitation gap 2∆
from the conductivity spectra is difficult but it can be approx-
imated by the energy, at which the low-temperature conduc-
tivity spectrum crosses the one at the Ne´el temperature for
the first time.55 This energy 2∆SDWL is marked by the right
vertical dashed lines in panel 2(a). At lowest frequencies, the
optical conductivity of CaFe2As2 reveals a change in its shape
at 10 K as compared to intermediate temperatures below TN,
which indicates the presence of another spin-density–wave
gap, with a smaller magnitude 2∆SDWS [left vertical dashed
line in panel 2(a)]. This observation is analogous to the pre-
vious report of two different spin-density–wave energy gaps
in the Sr- and Ba-based compound of the same class.15,29,40
Our own ellipsometric measurements on the Sr- and Ba-based
compounds, shown in Fig. 2(b),2(e) and 2(c),2(f), fully repro-
duce and confirm previously reported data,15–18,29,31,40 provide
additional information due to the independently obtained real
and imaginary parts of the optical conductivity, and allow for
a systematic investigation of the electronic properties of the
ThCr2Si2-type iron-based materials as a function of the inter-
calating atom.
First of all, we find that, although the Ne´el temperature
does not show a systematic dependence on the atomic num-
ber of the intercalating atom, the gap ratios, which quantify
the strenght of the coupling to a boson mediating a given elec-
tronic instability, certainly do display some systematic trends,
as shown in Table I. Here we define the gap ratio of an itin-
erant antiferromagnetic material with an optical spin-density–
3FIG. 2: (a)–(c) Real part of the complex optical conductivity of CaFe2As2 (a), SrFe2As2 (b), and BaFe2As2 (c). Characteristic energies of the
large and small optical spin-density–wave gaps (2∆SDWL,S , vertical dashed lines) are defined as the intersection points between the lowest and
the Ne´el temperatures for the large gap and the deviation point for the small gap (see text). Strongly temperature dependent absorption bands
are marked with blue arrows. Low-energy peak feature observed in Sr- and Ba-based compounds but not in CaFe2As2 is indicated with red
arrows. (d)–(f) The corresponding imaginary part of the complex optical conductivity.
wave energy gap 2∆ and a Ne´el temperature TN as 2∆/kBTN,
where kB is the Boltzmann constant. The values of the large
and small optical spin-density–wave gaps are extracted from
the experimentally obtained optical conductivity as described
above and indicated in Fig. 2 with vertical dashed lines.
Table I shows that, albeit the Ca-based compound has
a Ne´el temperature significantly lower than that of the Sr-
based counterpart and comparable to that of BaFe2As2, its
both gap ratios are significantly larger than those of the other
two materials, which implies a much stronger electronic in-
stability in this compound. In addition, the larger gap ra-
tio 2∆SDWL /kBTN gradually decreases with the increasing
atomic number of the intercalant.
The far-infrared optical conductivity of SrFe2As2 and
TABLE I: Large and small optical spin-density–wave gap 2∆SDWL,S
as inferred from the optical conductivity spectra in Fig. 2 and the
corresponding gap ratios.
CaFe2As2 SrFe2As2 BaFe2As2
2∆SDWL , cm
−1 1235 1215 745
2∆SDWS , cm
−1 515 380 345
kBTN, cm−1 105 140 97
2∆SDWL /kBTN 11.8 8.7 7.7
2∆SDWS /kBTN 4.9 2.7 3.6
2∆SDWL /2∆
SDW
S 2.4 3.2 2.14
BaFe2As2 at lowest frequencies is dominated by a peak
feature [red arrows in Figs. 2(b),2(c)] reminiscent of the
collective excitation previously observed in the nearly
optimally doped high-temperature cuprate superconductor
YBa2Cu3O6+x pristine56 and after irradiation with helium
ions.57 A similar albeit weaker feature has also been iden-
tified in the far-infrared optical response of superconducting
Ba(Fe0.92Co0.08)2As2 in Ref. 58. One of the possible origins
of this feature is charge-carrier localization, as observed in
disordered doped superconductors.59–61
At higher energies the optical conductivity of all three com-
pounds shows a strongly temperature-dependent absorption
band centered at about 5000–6000 cm−1, as well as at UV
energies in the case of BaFe2As2, as shown in Figs. 2(a)-2(c)
with blue arrows.
B. Temperature dependence of the SDW-induced suppression
The existence of two seperate spin-density–wave energy
gaps raises a question as to the degree of interaction between
the corresponding electronic subsystems. This question be-
comes particularly difficult to address in the presence of as
many Fermi-surface sheets as is the case for the iron-based
materials, which often commonly possess five separate Fermi-
surface sheets in the first Brillouin zone. This complexity
arises mainly due to the fact that the optical conductivity rep-
resents an intertwined response of all electronic subsystems at
once. To shed some light onto this issue, in addition to our
4FIG. 3: (a)–(c) Detailed temperature dependence of the real part of the complex optical conductivity of CaFe2As2 (a), SrFe2As2 (b), and
BaFe2As2 (c) on a fine grid of wavenumbers in the far-infrared spectral range, normalized to the value of the optical conductivity at T = T0
close to TN (T0 = 170 K, 200 K, and 140 K for the Ca-, Sr-, and Ba-based compounds, respectively). The grid of wavenumbers runs from
180 cm−1 (blue colors) to 520 cm−1 (red colors) in steps of 20 cm−1 with the exception of the spectral window of the 260 cm−1 phonon.
Spin-density–wave–related features in the temperature dependence of the optical conductivity (vertical dashed lines), for interpretation see
text. The lowest-frequency temperature dependence is plotted as filled circles unlike the rest (open circles) to emphasize the change in the
temperature dependence of the optical conductivity.
broad band ellipsometric measurements at several representa-
tive temperatures, we have carried out detailed measurements
in the far-infrared spectral range (i.e. in the range where the
real part of the optical conductivity experiences a drastic sup-
pression, as shown in Fig. 2) with a very fine temperature grid
for all three materials in question. The results are compiled
in Fig. 3, which shows the temperature dependence of the op-
tical conductivity normalized to its value at T = T0 close to
TN (T0 = 170 K, 200 K, and 140 K for the Ca-, Sr-, and
Ba-based compounds, respectively) at an equidistant set of
wavenumbers from 180 cm−1 (blue colors) to 520 cm−1 (red
colors) in steps of 20 cm−1 with the exception of the spectral
window of the 260 cm−1 phonon.
The temperature dependence of the normalized conduc-
tivity shows a very pronounced drop for all compounds at
their respective Ne´el temperatures (right vertical dashed lines)
due to the onset of spin-density–wave order, with a clear
mean-field order-parameter–like temperature dependence at
large wavenumbers (red colors). This temperature depen-
dence changes, however, as one moves toward progressively
smaller wavenumbers and in the case of CaFe2As2 reveals
a clear second suppresssion feature at a temperature T ∗ of
about 80 K. This second feature becomes washed out in the
Sr-based compound, although the temperature dependence of
σ1 at smallest wavenumbers remains markedly different from
that at large wavenumbers and some sort of an analogue of
T ∗ can be sketched also in this case, although there is no
clear second suppression feature present in any of the sepa-
rate temperature dependences themselves. Finally, in the case
of BaFe2As2, the change in the temperature dependence of
σ1 between large and small wavenumbers becomes hardly no-
ticeable, with minute changes below ≈ 60 K.
The presence of a second suppression feature in the temper-
ature dependence of the real part of the optical conductivity at
small enough wavenumbers in CaFe2As2 indicates, that the
electronic subsystem that develops the smaller spin-density–
wave energy gap 2∆SDWS preserves some knowledge about
its own Ne´el temperature that it would have if this subsys-
tem were completely independent from the other(s). In any
real material all electronic subsystems are coupled, even if
weakly, so that all spin-density–wave energy gaps open at the
same TN. However, in case of weak intersubsystem coupling,
those with smaller gaps exhibit an anomaly below the real
Ne´el temperature, as is the case in CaFe2As2. Such an ef-
fect has been predicted theoretically for the analogous case of
multiband superconductivity46,47 and discovered experimen-
tally in FeSe1−x in Refs. 48–50. This argument thus suggests
that in the Ca-based material the two electronic subsystems
developing the large and the small spin-density–wave energy
gap are weakly coupled. Naturally, as the coupling between
such electronic subsystems increases, the temperature depen-
dence of the small gap would gradually approach that of the
large gap via an intermediate state when it already does not
show any anomaly but still has not matched the temperature
dependence of the large gap. Figure 3(b) provides evidence
for such a behavior in the Sr-based iron pnictide. Finally,
the temperature dependence of the normalized optical con-
ductivity in BaFe2As2 is almost the same at all wavenumbers,
both in the region of the large spin-density–wave gap and in
that of the small one, indicating strongly coupled electronic
subsystems in this compound. Thus, by monitoring the de-
tailed temperature dependence of the optical conductivity in
the far-infrared spectral range on a fine grid of wavenumbers,
a gradual transition could be observed from weak coupling be-
tween the electronic subsystems developing the two different
spin-density–wave energy gaps in CaFe2As2, via intermedi-
ate coupling in SrFe2As2, to strong coupling between them in
BaFe2As2, systematically with increasing atomic number of
the intercalant.
5FIG. 4: (a)–(c) Temperature dependence of the strength ∆ε, position
ω0, and the width γ of the Ca-related phonon below the Ne´el transi-
tion temperature of CaFe2As2, split due to the lowering of the crys-
tallographic symmetry from tetragonal to orthorhombic at the con-
comitant structural transition (right vertical dashed line). The tem-
perature T ∗ of the small optical spin-density–wave gap 2∆SDWS [left
vertical dashed line in (a)] as inferred from Fig. 3(a). (d)–(f) Tem-
perature dependence of the strength ∆ε, position ω0, and the width
γ of the phonon due to the vibrations of Fe and As ions. Vertical
dashed lines indicate the Ne´el transition temperatures of the Ca-, Sr-,
and Ba-based compounds (grey, light blue, pink, respectively).
C. Temperature dependence of the far-infrared phonons
We now use the same detailed ellipsometric measurements
of the real and imaginary parts of the optical conductivity to
analyze and compare between the three different compounds
the temperature dependence of the strength, position, and the
width of the far-infrared optical phonons. As can be seen in
Fig. 2, the low-energy phonon due to the vibrations of the in-
tercalating ions can be seen at ≈ 140 cm−1 in the Ca-based
compound but not in the Sr- and Ba-based counterparts due
to the much smaller mass of the former, which pushes this
phonon into the accessible experimental spectral range. The
phonon arising from vibrations of Fe and As is seen at an ap-
proximately the same position of 260 cm−1 in all three ma-
terials. The detailed temperature dependence of the Lorentz
parameters of the Ca-related phonon at temperatures below
TN, where it can be clearly resolved, as well as the compari-
sion of the Lorentz parameters of the 260 cm−1-phonon in all
three compounds is shown in Fig. 4.
In the CaFe2As2 compound, the splitting of the Ca-related
phonon at the magnetostructural transition can be clearly re-
solved, similarly to the previously reported splitting of the
Ba-related phonon in the sister compound,31 and amounts to
about 8 cm−1 [Fig. 4(b)] . Within the noise floor the tempera-
ture dependence of the width of these two phonons, plotted in
Fig. 4(c), does not appear to display any anomalies. That of
the phonon strength ∆ε, on the other hand, seems to slighly
change at the temperature T ∗ [left vertical dashed line in (a)]
inferred from Fig. 3(a), albeit this change is quite close to the
limit of the fit uncertainty.
The temperature dependence of all Lorentz parameters of
the Fe-As phonon in all three compounds, Fig. 4(d)–(f),
shows noticeable anomalies at the respective Ne´el tempera-
tures (grey, light blue, and pink vertical dashed lines for Ca-,
Sr-, and Ba-based compounds, respectively). In SrFe2As2 and
BaFe2As2 the phonon intensity ∆ε0 and position ω0 change
abruptly at the magnetostructural transition temperature, as
shown in Fig. 4(d), 4(e), whereas in CaFe2As2, quite sur-
prisingly, the spin-density–wave–induced changes seem to set
in already at somewhat higher temperatures [Fig. 4(e)]. This
observation indicates the existence of incipient critical lattice
strain at temperatures higher than the magnetostructural tran-
sition temperature in this compound, which may be related
to the electronic nematicity recently discovered in a doped
compound of this class.23 In addition, while the width and
the position of the Fe-As phonon in both Sr- and Ba-doped
compounds [Fig. 4(e), 4(f)] display essentially identical mag-
nitude and behavior, those of the Ca-doped material are sig-
nificantly larger. While the somewhat broader phonon feature
could, in principle, be traced back to the quality of the sam-
ple surface or the sample itself, the harder Fe-As phonon of
Ca-based compound compared to its Sr- and Ba-based coun-
terparts must be intrinsic. Such a hardening most likely re-
sults from the shorter Ca-As and Fe-As bond lengths com-
pared to those in the Sr- and Ba-based compounds and has also
been observed in inelastic-neutron-scattering measurements
on CaFe2As2, BaFe2As2 and predicted by ab-initio calcula-
tions62.
D. Spin-density–wave–induced anomaly in the visible
Having investigated the spin-density–wave–induced
anomalies in the infrared spectral range, let us turn to
the charge dynamics in the 122 compounds at visible
frequencies.65 Recently, a criticality-induced suppression
of an absorption band at energies, much higher than the
corresponding energy gaps, has been reported in both the
optimally doped superconducting Ba0.68K0.32Fe2As2 and the
antiferromagnetic SrFe2As2 (Ref. 51). The analysis of the
spectral-weight transfer across the spin-density–wave transi-
tion carried out in the same work, revealed that high energies
up to 4 eV are involved in the spectral-weight redistribution
and that the f -sum rule is fully satisfied above the suppressed
absorption band in the visible spectral range. It appears to be
of interest whether in other parent compounds of the same
122-type the spin-density–wave energetics is similar or rather
shows a systematic variation with the atomic number of the
intercalant within the class. To this end we have carried out
accurate ellipsometric measurements in the visible spectral
range to mach the data quality of Ref. 51 and compare the
intensity and location of the spin-density–wave–supressed
absorption bands, as well as the spectral-weight redistribution
in the entire investigated spectral range, in all three parent
compounds.
The results are presented in Fig. 5. Panels 5(a)–(c) show
6FIG. 5: (a)–(c) Difference real and imaginary parts of the dielectric function ∆ε1, ∆ε2 in the visible spectral range between the temperatures
above and below the Ne´el transition temperature, as specified in the panels. The arrows indicate the two spin-density–wave–supressed absorp-
tion bands. (d)–(f) Spectral-weight redistribution between the same temperatures and in the same compounds as in (a)–(c) as a function of
photon energy. Blue and red areas in (e) indicate the regions of spectral-weight gain and loss, respectively, in the magnetic versus the normal
state. [Inset in (e)], Real part of the dielectric function and the Kramers-Kronig transformations of the real part of the optical conductivity of
SrFe2As2 with different amount of spectral weight contained in the extrapolation region at low frequencies (solid lines, colors match filled
circles). [Insets in (d),(f)] Temperature scan of ε2 in CaFe2As2 at 3.5 eV and in SrFe2As2 at 3.4 eV, respectively. Panel (e), the inset therein,
as well as in (f) adapted by permission from Macmillan Publishers Ltd: Nature Communications Ref. 51, copyright (2011).
the difference real and imaginary parts of the dielectric func-
tion ε(ω) = 1 + 4piiσ(ω)/ω in the visible spectral range.
The difference is taken between the temperatures above and
below the material’s Ne´el transition temperature: 160 K and
140 K, 200 K and 175 K, and 140 K and 120 K for CaFe2As2,
SrFe2As2, and BaFe2As2, respectively. These spectra reveal
a clear suppression of absorption at optical frequencies. The
magnetostructurally induced character of this suppression is
confirmed by drastic drop in the temperature dependence of
the imaginary part of the dielectric function ε2 at the Ne´el
temperature, shown in the inset of Figs. 5(d), 5(f) for the Ca-
and Sr-based compounds, respectively. The suppressed opti-
cal response of all three iron pnictides shown in Figs. 5(a)–
(c) reveals the contribution of two absorption bands and the
systematic evolution of their suppression intensities with the
atomic number: the suppression of both bands reduces upon
going from lighter to heavier intercalating atoms.
We now move to the analysis of the spectral-weight redis-
tribution across the spin-density–wave transition presented in
Figs. 5(d), 5(e), and 5(f) for the case of Ca-, Sr-, and Ba-
based material, respectively. The energy-dependent spectral
weight is defined as the integral of the real part of the optical
conductivity σ1(ω) up to a certain cut-off frequency Ω:
SW (Ω) =
∫ Ω
0
σ1(ω)dω.
Several common features can be identified in the energetics
of the spin-density–wave transition: the spectral weight from
below the optical spin-density–wave gap 2∆SDW [lowest-
energy red area in Fig. 5(e) and the corresponding areas in
Figs. 5(d),(f)] is redistributed to energies directly above the
optical gap [subsequent blue area in Fig. 5(e) and the corre-
sponding areas in Figs. 5(d),(f)]. However, the spectral weight
gained directly above the optical gap does not balance that lost
within the gap, which implies that higher-energy processes be-
yond the characteristic magnetic energy scales proposed for
these materials are affected by the spin-density–wave transi-
tion, including the spin-density–wave–supressed band in the
visible spectral range [higher-energy blue and red areas in
Fig. 5(e) and the corresponding areas in Figs. 5(d),(f)]. Such
a high-energy modification of the spectral weight might origi-
nate in a redistribution of the electronic population between
several bands at the spin-density–wave transition, as sug-
gested for SrFe2As2 in Ref. 51.
These commonalities notwithstanding, it is clear from
7FIG. 6: Real part of the optical conductivity (a)–(c) and dielectric function (d)–(f) of the Ca-, Sr-, and Ba-based compounds at 300 K (red
line) and the corresponding interband [red, green, and blue areas in (a)–(c)] and itinerant (grey line) contributions obtained in a Drude-Lorentz
dispersion analysis as described in the text. The partial Drude contributions are shown as black dashed lines. The lowest clearly identifiable
absorption band is indicated with a pink arrow. Major partial Lorentz contributions to the absorption band in the visible (green area) are plotted
as green dashed lines in (a)–(c). The total contribution of all interband transitions (black line). The grey-shaded area in (b), (c) and (e), (f)
indicates the spectral range excluded from the Drude-Lorentz fit due to the presence of a low-energy collective excitation.
Figs. 5(d)–(f) that the overall intensity of the spectral-weight
redistribution at the spin-density–wave transition decreases
systematically with increasing atomic number of the inter-
calant even though the corresponding Ne´el temperatures do
not reflect this behavior (TN is almost the same in the Ca- and
Ba-based compound, whereas the amplitude of the spectral-
weight redistribution is more than three times larger).
E. Itinerant properties
Systematic trends similar to those found in the overall ener-
getics of the 122 parent compounds investigated in this work
can also be identified in the itinerant-charge-carrier response.
However, whereas the former could be revealed already in the
raw ellipsometric data, the extration of the properties of the
latter requires careful elimination of the interband contribu-
tion to the optical conductivity by means of a dispersion anal-
ysis (e.g. as carried out in Ref. 63), which allows one to isolate
the inherent itinerant response. In the present work we have
analyzed the free-charge-carrier and interband contributions
in the standard Drude-Lorentz model.
In this method, the optical conductivity σ(ω) = σ1(ω) +
iσ2(ω) or, equivalently, the full complex dielectric function
ε(ω) = 1 + 4piiσ(ω)/ω (in CGS units) is fitted with an ex-
pression of the following form:
ε(ω) = −
∑ ω2pl,j
ω2 + iγjω
+
∑ ∆εjω20j
(ω20j − ω2)− iΓjω
, (1)
where the first sum runs over all Drude and the second one
over all Lorentz terms. ωpl,j and γj are the plasma frequency
and the quasiparticle scattering rate of the partial itinerant re-
sponse and ∆εj , ω0j , Γj are the static permittivity contribu-
tion, the center frequency and the width of the Lorentzian os-
cillators used to model the interband transitions, respectively.
The function in Eq. 1 is fitted simultaneously to the real and
imaginary parts of the dielectric function.
The oscillator parameters obtained in such a fit for all three
122 parent compounds are summarized in Table II. The con-
tribution of the most important interband transitions to the real
part of the optical conductivity is broken down in Figs. 6(a)–
6(c) (red, green, and blue shaded areas) for the Ca-, Sr-, and
Ba-based compounds, respectively, and their integral contri-
bution to the real part of both the optical conductivity [black
lines in Figs. 6(a)–6(c)] and the dielectric function [black lines
in Figs. 6(d)–6(f)], as well as the extracted itinerant response
(grey lines in all panels), is also shown. The overall structure
of the interband transitions is very similar in all three com-
pounds. The lowest clearly identifiable interband transition,
previously found to be strongly renormalized with respect to
the prediction of band-structure calculations and to give an
unusually large contribution to the total zero-frequency inter-
band permittivity ∆εtot of the order of 60 in the optimally
8TABLE II: Parameters of the Drude and Lorentzian terms in (1) obtained from the dispersion analysis of the optical conductivity of CaFe2As2,
SrFe2As2, and BaFe2As2 at room and Ne´el temperature (shown for room temperature in Fig. 6).
CaFe2As2 SrFe2As2 BaFe2As2
j ∆εj ω0j (ωpl,j), cm−1 Γj (γj), cm−1 ∆εj ω0j (ωpl,j), cm−1 Γj (γj), cm−1 ∆εj ω0j (ωpl,j), cm−1 Γj (γj), cm−1
300 K
Drude1 — 4400 40 — 1960 156 — 2622 162
Drude2 — 22000 2960 — 17340 2650 — 14833 1717
Drudetot — 22500 — — 17450 — — 15060 —
DrudeKK — 22000 — — 17895 — — 15300 —
L1 35 6121 9683 40 5407 9167 46 4888 8200
L2 14.25 18592 36627 13.8 19138 37238 12.7 18930 33539
L3 0.68 31035 16374 0.397 31325 17580 0.27 31483 20992
L4 2.35 58810 44568 2.47 58087 39548 2.57 53464 38045
L5 1.35 113407 3991 1.04 165782 3102 1 80467 3011
TN
Drude1 — 5900 40 — 2150 144 — 2300 600
Drude2 — 20475 2724 — 17315 2785 — 13212 1310
Drudetot — 21308 — — 17448 — — 13410 —
DrudeKK — 20870 — — 17915 — — 13335 —
L1 33.7 6353 9503 37.3 5614 8928 45 4986 7956
L2 14.8 18096 35971 13.98 19138 37238 12.5 19460 34555
L3 0.7 30703 13062 0.39 31322 16222 0.2 32164 14191
L4 2.36 58461 44615 2.44 58087 38761 2.2 52906 33500
L5 1.64 273090 8172 0.92 138292 2947 1.12 70949 22284
doped Ba1−xKxFe2As2 (see Ref. 63), shows a systematic
softening with increasing atomic number of the intercalating
atom, with a concomitant increase in ∆ε. The evolution of
the total zero-frequency interband permittivity ∆εtot is rela-
tively small and is dominated by that of the lowest interband
transition, as can be inferred from the limiting zero-frequency
behavior of the total interband contribution to the real part of
the dielectric function shown with black lines in Figs. 6(d)–
6(f) and from Table II.
The extracted itinerant response (grey lines in Fig. 6) can
be broken down into a narrow and broad component (see Ta-
ble II) for all three compounds, in agreement with Ref. 16,
which previously identified this phenomenon in essentially
all known parent iron pnictides of the ThCr2Si2 type. In
our Drude-Lorentz fit we excluded the lowest far-infrared
spectral range strongly affected by the collective excitation
in the Sr- and Ba-based compounds [gray shaded areas in
Figs. 6(b), 6(c), 6(e), and 6(f)]. The two Drude contributions
to the itinerant response are plotted in Fig. 6 as black dashed
lines and their plasma frequencies and quasiparticle scatter-
ing rate are listed in Table II. The total plasma frequency
of the free electrons ωtotpl =
√
ω2pl,1 + ω
2
pl,2 shows a sys-
tematic increase with decreasing atomic number of the inter-
calant and is significantly larger in CaFe2As2 than in the other
two compounds (see Fig. 6 and Table II). This trend is also
weakly present in first-principles calculations of the plasma
frequency64 but is significantly enhanced by renormalization
in the real materials.
To futher confirm the values of the total plasma fre-
quency inferred from our Drude-Lorentz fit, we carried out
a Kramers-Kronig consistency analysis of ellipsometric data.
This analytical technique, utilizing the unique capacity of el-
lipsometry to independently obtain the real and imaginary part
of the dielectric function,51 allows one to accurately deter-
mine the spectral weight contained in the extrapolation region
at lowest frequencies and thus accurately measure the total
plasma frequency of itinerant charge carriers. This is made
possible by comparing the Kramers-Kronig transformation of
the extrapolated real part of the optical conductivity with the
independently obtained real part of the dielectric function, as
shown in Fig. 5(e) and the inset therein. The total plasma fre-
quencies for all three compounds obtained with this method
are shown in Table II. It is clear that the agreement between
ωtotpl obained using the Drude-Lorentz fit and by means of a
Kramers-Kronig consistency check is remarkable. It should
be noted that the accuracy of the Kramers-Kronig consistency
check in determining the total spectral weight and thus plasma
frequency is extremely high (below 0.5% in the present case)
and this approach only very weakly depends on the shape of
extrapolation.51
The systematic enhancement of the itinerant response with
decreasing atomic number of the intercalant, together with
the results of the previous sections, shows that a number of
9electronic propertites are significantly enhanced in CaFe2As2
compared to its Sr- and Ba-based counterparts.
IV. CONCLUSIONS
In summary, we have reported a systematic comparison
of the charge dynamics in three representative parent com-
pounds of 122-type iron-based superconductors (CaFe2As2,
SrFe2As2, and BaFe2As2) in a broad spectral range as well
as a detailed temperature dependence of their far-infrared
conductivity. We identified two spin-density–wave energy
gaps in all three compounds, with a significantly stronger
coupling in the Ca-based material within both spin-density–
wave subsystems as compared to the other two compounds,
in which the larger gap decreases systematically with increas-
ing atomic number of the intercalant. Our detailed temper-
ature measurements of the far-infrared conductivity of the
three compounds allowed us to accurately track the temper-
ature dependence of both spin-density–wave gaps and reveal
an anomaly in CaFe2As2 in the energy range of the smaller
gap at T ∗ ≈ 80 K, well below the Ne´el temperature of this
compound. The presence of this remnant transition implies
that the two spin-density–wave subsystems are very weakly
coupled to one another. A comparison to the temperature
dependence of the far-infrared conductivity of SrFe2As2 and
BaFe2As2 shows a clear evolution of this coupling from weak
in the Ca-based compound via intermediate in the Sr-based
to strong in the Ba-based material. The temperature depen-
dence of the infrared phonons reveals a clear anomaly at
TN in all three compounds, whereby the spin-density–wave–
induced modifications of the phonon properties set in exactly
at TN in both Ba- and Sr-based materials but at somewhat
higher temperatures in CaFe2As2, suggesting the early de-
velopment of spin-density–wave fluctuations and their siz-
able impact on the lattice. The temperature dependence of
the intensity ∆ε0 of the Ca-related phonon shows a possible
signature of T ∗. Similarly to the previously reported spin-
density–wave–induced suppression of two absorption bands
in SrFe2As2, we find an analogous effect in both Ca- and Ba-
based compounds, as well as a systematic evolution of the
intensity of the suppression with the atomic number of the
intercalant. The investigation of the spectral-weight transfer
induced by the spin-density–wave transition reveals that in all
three parent compounds energies much larger than the char-
acteristic magnetic energy scales proposed for these materi-
als are involved. This high-energy modification of the spec-
tral weight might originate in a redistribution of the electronic
population between several bands at the transition. Our accu-
rate dispersion analysis of the independently obtained real and
imaginary parts of the optical conductivity by means of spec-
troscopic ellipsometry reveals a strongly enhanced plasma fre-
quency in CaFe2As2, decreasing systematically with increas-
ing atomic number of the intercalating atom. Our results sin-
gle out CaFe2As2 in the class of ThCr2Si2-type iron-based
materials by demonstrating the existence of two weakly cou-
pled but extremely metallic electronic subsystems. Since the
three investigated materials are driven superconducting upon
doping, our results may provide insights into the physics of
the related superconductors.
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